INTRODUCTION
Heller (1933) reported that sodium chloride at 15,000 parts per million (ppm)in water was toxic to pigs, especially for pigs weighing less than 45 kilograms. Subsequently several workers experimented with saline water containing a variety of pure and mixed salts at different levels from 2,000 ppm to as high as 20,300 ppm total solids with pigs tested most commonly within the weight range of 20 to 90 kg (Embry et al., 1959; Berg and Bowland, 1960; Stothers, 1960; Stothers and Palmer, 1961; Stothers, 1970) . Results ranged from slightly improved average daily gain, feed consumption and feed efficiency (Embry et al., 1959) when pigs received up to 6,300 ppm total solids, to decreased growth rates, poorer feed efficiency and higher water consumption when the total solids content of the water was 15,900 ppm or higher (Stothers, 1960) . Case (1957 Case ( , 1963 suggested that levels of nitrate nitrogen (NOn-N) above the recommended maximum level of 10 ppm for humans could be potentially hazardous for pigs. Seerley et al. (1965) administered nitrate and nitrite continuously in drinking water at levels up to 300 ppm NO3-N for growing-finishing pigs with no performance differences among treatments although they did note measurable but small increases in blood methemoglobin.
Thus, separately, research has been reported on the effects of high levels of total solids and of NOa-N (saline waters) on the performance of 900growing pigs. No studies have been reported JOURNAL OF ANIMAL SCIENCE, Vol. 47, No. 4 (1978) considering the effects of these two factors in combination.
Field observations by producers and extension workers have related poorer pig performance to the use of saline waters. Most of the data available are for older pigs and with the trend to earlier weaning (3 weeks), information is required on the response of the younger pig which is generally more sensitive to its environment. Since evaluation of water analyses requested by producers indicated the predominant salts were chlorides, sulfates and minor amounts of nitrates with the total of all salts at a maximum of approximately 6,000 ppm total solids, these experiments were initiated with 3-to 4-week-old weaned pigs (4 to 6 kg) to study the effects of saline waters having a total solid concentration of approximately 6,000 ppm, high in either sulfates or chlorides, alone or in combination with either 150 ppm or 300 ppm NO3-N.
MATERIALS AND METHODS
Three experiments, involving 162 Managra or Managra x Yorkshire pigs, group fed, nine per treatment, were conducted with a control water treatment compared to saline water treatments containing either sulfates or chlorides alone or in combination with either 150 ppm NO3-N or 300 ppm NO3-N (table 1) .
Newly weaned pigs between 3 and 4 weeks of age, and initially weighing 4 to 6 kg, were allotted to treatment by weight, sex and litter. Saline water prepared in plastic containers was available to pigs ad libitum from 64 liter painted metal barrels fitted with watering bowls. Feed was available ad libitum. A commercial feed (18% protein) for early weaned pigs was fed to an average weight of 7 kg at which time the ration was changed to a prestarter (wheat-soybean meal-fish meal, 19% protein). After reaching a weight of approximately 15 kg pigs received a starter ration (barley-soybean meal, 18% protein). All rations were balanced to meet or exceed the NRC (1973) nutrient requirements for swine with .5% trace mineralized salt added to all rations. Combination of the sodium chloride in the dry feed and mixed salts in the water gave a total salt intake equivalent to 11,000 ppm for the saline treatments pigs and 5,000 ppm for the control treatment pigs. Pens were checked daily for scouring and water consumption while pig weight and feed consumption were recorded weekly in Experiments I, II and III.
During Experiment I blood samples were drawn on days 24 and 31 from three pigs per treatment selected at random for analysis of percent methemoglobin by the method of Evelyn and Malloy (1938) . At the termination of experiment I, four pigs per treatment (two per replicate) were sacrificed. Liver samples were taken, frozen and maintained at -20 C for subsequent analysis of Vitamin A content by the method of Gallup and Hoefer (1946) . Kidney weights were recorded and slices of kidney were prepared for histological examination using the standard Harris hematoxylin and eosin staining technique (American Registry of Pathology, 1968) .
Concurrent with Experiment I, an additional two barrows per treatment were housed in circular, adjustable wire mesh metabolism cages, described by Bell (1948) , fitted with bite waterers, for a total of three 7-day periods for collection, separation and subsequent analysis of feces and urine. Test periods were days 1 to 7, 8 to 14 and 29 to 35. Quantities of daily urine and fecal excretions were recorded. Representative aliquots of urine and feces were retained and stored at -20 C for future analysis of sodium and potassium by flame photometry using a Technicon II (Model AAll-07).
Fecal samples retained from odd numbered days were analyzed for percent dry matter by freeze drying in a Virtis freeze dryer and for percent ash by ashing at 500 C for 15 hours. To the ashed samples 5 ml of demineralized water was added and the samples shaken for 24 hr before analysis of sodium and potassium by flame photometry. The remainder of the fecal samples, those collected and retained from even numbered days, were subjected to a Carver laboratory press (Model C) from which expressed juice was diluted and analyzed for sodium and potassium concentration, using the same procedure as for the other fecal samples. Fecal sodium and potassium data were reported in milliequivalents excreted per day. Blood samples were drawn from the anterior vena cava on day 15 of the test and analyzed for percent hematocrit, plasma sodium and potassium ion concentrations.
Statistical analysis was accomplished by the method of Steel and Torrie (1960) . If analysis of variance was significant (P<.05) means were differentiated using Student-Neuman-Keuls Test (SNK). 
RESULTS AND DISCUSSION
No significant differences occurred in average daily gain among treatments (table 2) . Feed consumption and feed to gain ratio indicated a similar result. These results are in general agreement with those of Berg and Bowland (1960) using 12 kg pigs receiving 5,000 ppm of total solids in the water with no supplemental salt in the diets, Roy and Boylan (1964) using 6-weekold, 13 kg pigs receiving a chloride water containing 4,300 parts per million total solids and Stothers (1970) using water containing 2,000 ppm total solids fed to 6.4 kg pigs who found no significant differences between control pigs and those receiving saline waters.
Although there were no significant differences in experiment I there was a tendency for ADG to be higher for the control pigs, whereas in both experiment I and III the ADF were slightly higher for the control pigs than those receiving saline water treatments. F/G was generally more favorable for the control pigs with the exception of chloride plus 300 ppm NO3-N in experiments II and III. Stothers (1970) indicated a similar trend towards decreased ADG and FIG when pigs received saline waters.
Water consumption was generally higher for the saline treatments as compared to water consumption by the controls with the difference being most apparent during the initial week on test. Although overall difference in water consumption was 5 to 15% higher in favor of the saline water treatments for the entire experimental period the difference was most pronounced during the initial week when saline water consuming pigs recorded intakes 33 to 66% greater than the controls.
Similarily with respect to scouring, the incidence was more pronounced during the initial adaptation period (first week on test). Eighty percent of all the scour days were observed during the initial period. The pigs receiving sulfate containing water had 148 to 182% more scour days than the controls during the initial week whereas the pigs receiving chloride containing water had slightly fewer scour days. Since the scour days did not persist and little or no loss of condition accompanied their occurrence the scouring could be considered to be of a dietary nature. The work by Stothers (1970) and comments by Herrick (1971) describe the cathartic effect of high levels of sulfate in water on young pigs evident only during the first week on experiment.
Performance of 3-week-old pigs as measured by weight gain and feed consumption was not adversely affected by levels of NO3-N up to 300 ppm NO3-N. FIG for sulfate plus NO3-N pigs was slightly poorer than for sulfate alone. Inclusion of NO3-N to the chloride water did not produce the same results (table 2) . Seerley et al. (1965) supplied 300 ppm NO3-N or 100 ppm NO2-N in water to older pigs with no resulting reduction in weight gains or general thriftiness. Concern has been expressed regarding the conversion of nitrate to nitrite. Case (1963) reported nitrite to be 10 to 15 times more toxic than nitrate from farm water supplies. Using mixtures of minced grass and water Barnett (1953) reported a range of 13 to 26% conversion of nitrate to nitrite. Seerley et al. (1965) noted slight conversion of nitrate to nitrite which they attributed to bacterial contamination of the drinking cups used resulting in subsequent microbial reduction of the nitrate. In our experiments, assuming a 25% conversion to nitrite, the 300 ppm NO3-N water treatment would result in a consumption of water containing 75 ppm NOu-N. This level, significantly higher than the 10 ppm NO3-N proposed by Case (1963) as potentially hazardous did not result in reduced weight gains among the young pigs.
Methemoglobin content of the blood expressed in gram per 100 ml of blood (table 3) indicated elevated levels as the amount of NO3-N increases in the water. These values were the same whether measured on days 24 or 31 of the experiment. Control animal values of .09 g methemoglobin per 100 ml blood were identical to those reported by Seerley et al. (1965) , .09 g methemoglobin per 100 ml blood for older pigs (32.6 kg body weight). Seerley et al. (1965) reported methemoglobin values of .34 and .47 g/100 ml blood for pigs receiving 100 ppm NO2-N. Highest values obtained for 300 ppm NO3-N in this experiment were .24 g/100 ml blood representing half the highest value given by Seerley et al.
Liver vitamin A stores were unaffected by the levels of NO3-N in the water (table 3) . Seerley et al. (1965) found similar results with levels of (0, 25, 50, 100 ppm) NO2-N given to older pigs, although their vitamin A liver values were lower (14.4 to 17.4/~g/g) than results reported in this experiment. According to Garrisson et al. (1966) growing and finishing pigs receiving NOa-N at 420 ppm and 0 ppm showed significant difference (P<.05) in liver stores of vitamin A. Since in our tests no significant dif- Although there were no differences among treatments for fecal % ash, fecal sodium and fecal potassium, the fecal dry matter percent seems to reflect the cathartic effect of the sulfate ion for the saline treatments tend to be lower than the controls by 2 to 6%, Pigs housed in the metabolic cages showed a slightly greater number of scour days with generally little effect on performance.
No marked adverse biological effects were observed among the pigs receiving saline waters with or without added NO3-N. The addition of 
